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492a Tuesday, February 28, 2012acylation reaction between melittin (H-GIGAVLKVLTTGLPALIS-
WIKRKRQQ-NH2) and lipids have been revealed by LC-MS and LC-MS/
MS approaches. The major sites of acylation on melittin are at the N-terminus
and the side chain of Lys-23. With phosphocholines, acylated melittin products
are detectable by LC-MS within 4 hours, with little selectivity for transfer from
the sn-1 vs the sn-2 position. In PS/PC mixtures, acyl transfer is only observed
from the PC component. In PG/PC mixtures, transfer is observed from both the
PG and PC components, albeit at a reduced rate when compared to PC-only
membranes. Small amounts of double-acylated melittin products are also
formed.
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Biological membranes are exposed to a number of chemical and physical
stresses that alter the structure of the lipid bilayer in such a way that the perme-
ability barrier to hydrophilic molecules and ions is degraded. These stresses in-
clude amphiphilic molecules involved in metabolism and signaling, highly
charged polyamines, reactive oxygen species, and osmotic stress. As annexins
are known to bind to lipid headgroups in the presence of calcium and increase
the order of the bilayer lipids, this study addressed whether this activity of an-
nexins provides a potential benefit to the membrane of protecting the bilayer
against disruptions of this nature, or can promote restoration of the permeability
barrier after damage by such agents. The release of carboxyfluorescein from
large unilamellar vesicles composed of lipids characteristically present in the
inner leaflet of cell membranes (PS/PE/PC/PI/cholesterol) was used to measure
membrane permeability. It was determined that in the presence of calcium an-
nexin A6 reduced baseline leakage from the vesicles and reduced or reversed
damage due to lysophosphatidic acid, ceramide, arachidonic acid, spermidine,
osmotic shock, or lipid peroxidation by H2O2. The annexin was also found to
protect or restore the integrity of a natural biological membrane, the chromaffin
granule membrane, challenged by lysophosphatidylcholine or sphingosine. In
a cell, it is likely annexins would move to sites of breakdown of the permeabil-
ity barrier because of the calcium-dependent binding of annexins to membranes
at sites of calcium entry. Because of the fundamental importance to life of
maintaining the permeability barrier of the cell membrane, it is proposed
here that this property of annexins may represent a critical, primordial activity
that explains their great evolutionary conservation and abundant expression in
most cells.
2507-Pos Board B277
Immobilization of Lipid Bilayer Disks on QCM-D Sensors for the Study of
Peptide-Lipid Interactions
Victor Agmo Hernandez, Karin Reijmar, Katarina Edwards.
Department of Physical and Analytical Chemistry, Uppsala University,
Uppsala, Sweden.
Protocols for the immobilization of PEG-ylated nano-sized lipid bilayer disks
on QCM-D sensors have been developed. It is shown that the disks can be im-
mobilized on the surface of gold QCM-D sensors by several approaches, most
of which result in the formation of a monolayer of disks bound to the surface.
After inactivation of the remaining surface, the interaction of the immobilized
disks with different analytes can be studied. We show that the QCM-D ap-
proach allows determination of association isotherms for the interaction be-
tween the amphiphilic alpha helical peptides magainin II and melittin with
the lipid bilayer disks. The obtained results are compared with isotherms ob-
tained employing fluorimetric determinations, which are based on the intrinsic
fluorescence of tryptophan residues in the peptide sequence. The presented
QCM-D method has the advantage of being applicable even when the peptides
do not present any residue that could be detected by photophysical techniques.
The obtained results allow comparing the affinities of the employed peptides
with lipid disks of different compositons. Thus, the effect of the nature of
the peptide, the edge and surface charge of the disks, and the phase state of
the lipid membrane on the association isotherms can be characterized. We fore-
see than lipid disks in combination with the QCM-D technology can be used to
investigate the interaction between lipid membranes and a range of biologically
interesting molecules, such as membrane bounded proteins and membrane tar-
geted drugs.
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Atlanta, GA, USA.Solid-state NMR is ideal for studying membranes and membrane-associated
proteins and peptides that are difficult or impossible to study by other means.
Disorder and heterogeneity that are typical of these types of samples, however,
makes analysis of the resulting challenging. Examples include (a) heteroge-
neous distributions of 31P chemical shift tensor parameters that report on phos-
pholipid headgroup disorder; and (b) distributions of internuclear distances
measured by rotational-echo double-resonance (REDOR), for example, of het-
eronuclear pairs within membrane-associated peptides. A method that uses an
adaptation of Boltzmann statistics maximum entropy for a model-free approach
to analysis of this type of troublesome data provides the means to characterize
the distributions of such heterogeneous systems.
In the case of REDOR data, the method can reveal multiple distances with rel-
atively few data points, which is of particular benefit in application to biolog-
ical systems where signal lifetimes are limited by relaxation. This has been
recently extended to include spin systems for which the observe nucleus is di-
polar coupled to two or three dephasing nuclei. The method reverses the prac-
tice where preconceived internuclear distance models are slowly optimised to
better ‘‘fit’’ experimental REDOR data, and instead provides the information
necessary to construct models based on unbiased data analysis. Examples in-
clude application to membrane-associated Alzheimer’s b peptide. In the case
of chemical shift tensor analysis, we have applied the method to arbitrarily
complex phospholipid mixtures for analysis of subtle perturbations, for exam-
ple, by association of antimicrobial peptides with model membrane systems.
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A large number of proteins and peptides interact with membranes to perform
various biological activities such as signal transduction, transportation and an-
timicrobial activity. Characterizing the interactions of individual amino acids
with lipid bilayers is an important step towards understanding lipid-protein in-
teractions. The Wimley-White hydrophobicity scale pentapeptides WLXLL,
where X can be any of the 20 amino-acid, adsorb at the POPC/water interface.
Due to their small size and availability of experimental data, these peptides are
suitable for studying lipid-peptide interactions using computational methods.
We report atomistic simulations of Wimley-White peptides in bulk water and
at cyclohexane/water and POPC/water interfaces. Various properties, such as
end-to-end distance autocorrelations, the distribution of conformational states
(based on dihedral angles) and the probability distributions of the center of
mass of the side chains are measured. Using equilibrium molecular dynamic
(MD) simulations, we were able to obtain good estimates of these properties
only in bulk water. Even ~600 ns molecular dynamic simulations at the
POPC/water interface did not yield converged results. We also compare the
sampling obtained using MD simulations with that of enhanced sampling
methods such as Replica exchange MD simulations.
These simulations highlight the sampling issues associated with simulation
studies of unstructured peptides, which are relevant to a wide range of lipid-
protein simulations including studies of antimicrobial peptides and peptide ag-
gregation near membranes.
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Nowadays one of the big issues in modern medicine is the fight against chronic
bacterial biofilms. The reason for the recalcitrance of these biofilms are so-
called persister cells. Persisters are dormant variants of regular cells that
form stochastically in microbial populations and are highly tolerant against
modern antibiotics. It is known that one protein plays a major role in persister
cell formation: TisB. This 29 amino acid long peptide gets overexpressed in
E. coli upon environmental stress, integrates into the bacterial inner membrane
and decreases the proton motive force and ATP levels. The mechanism is still
unclear, how this leads cells into dormancy and results in the formation of per-
sister cells.
We analyzed the structure of membrane-bound TisB by CD and oriented CD
spectroscopy in aqueous solution and vesicle suspension. TisB shows a helical
content of more than 90% in aqueous and more than 55% helical content in ves-
icle suspension, respectively. The membrane orientation of TisB measured by
oriented CD revealed an almost upright alignment of the amphiphilic helix in
different lipid bilayers. Quantitatively, solid-state NMR spectroscopy showed
a tilt angle of 30 in respect to the membrane normal, thus strongly supporting
